Background: Toll-like receptor 4 (TLR4) is a receptor of lipopolysaccharide in the signaling transduction of gastric epithelial cell. It plays a pivotal role in activation of innate immunity and pathogen recognition and thus acts as a modulator in the development and progression of gastric cancer. Growing studies explored the association of polymorphisms in TLR4 with susceptibility to gastric cancer, but the results have remained controversial and conflicting. To investigate the effect of two selected TLR4 (+896A/G and +1196C/T) polymorphisms on gastric cancer, we performed a meta-analysis.
Introduction
Gastric cancer is one of the most common malignancy and the third leading cause of cancer death worldwide, with an estimated 952,000 new cases and 723,000 deaths occurred in 2012 [1] . Although surgical resection is the mainstay of treatment for gastric cancer, overall 5-year relative survival rates for gastric cancer patients remain utterly gloomy with approximately 60% in Asian countries and 20% in western countries [2] . It is well known that gastric cancer is a devastating and multifactorial disease, which derived from extremely complex interactions between genetic and environmental factors [3] . Single Nucleotide Polymorphisms (SNPs) are the most common type of genetic variations and may contribute to an individual's susceptibility to cancer.
Chronic inflammation is well known to play a critical role in initiating and promoting several human cancers including gastric cancer. TLRs activation contributes significantly to the initiation and maintenance of inflammatory response, dysregulation of TLRs signaling may lead to an imbalance state between proinflammatory and anti-inflammatory cytokines, and then to an increased susceptibility to chronic inflammatory diseases and cancer [4] . Accumulated evidence has suggested that SNPs located in leucine-rich repeat(LRR) of TLRs may upregulate or downregulate the receptor response ability to bind ligand of pathogens which they normally recognize [5] . Human TLR4 gene is located on chromosome 9q32-q33 and contains four exons. It is highly expressed on monocytes, lymphocytes and splenocytes. After binding with LPS or other ligands and conjunction with CD14 and myeloid differential protein-2 (MD-2), TLR4 could transduce relevant signals that promote transcription of immune-related genes, and thus activate and magnify subsequent immune response including NF-kB and MAPK signal pathways [6, 7] . Many recent studies have demonstrated the critical role of TLR4 in the inflammatory-related immune response to H. Pylori infection in the pathogenesis of gastric cancer. TLR4 polymorphisms allow H. Pylori to elude attack from the host innate immune cell, and to survival in gastric epithelium for a long time, leading to chronic inflammation and causing severe gastritis, hypochlorhydria, gastric atrophy, intestinal metaplasia and dysplasia, which are precancerous lesions of gastric cancer [8] [9] [10] [11] [12] .
Many SNPs in TLR4 have been detected and studied, but two of the most typical SNPs in the fourth exon of coding sequence, +896A/G (ID: rs4986790) and +1196C/T (ID: rs4986791), were explored and reported extensively for the gastric cancer susceptibility [8, 13, 14] . To date, several studies focused on the association of TLR4 (+896A/G and +1196C/T) polymorphisms with precancerous lesions, gastric cancer, across different ethnicities [13] [14] [15] [16] , however, due to the limitations of subjects, the results were inconsistent and controversial. For example, there were two meta-analyses investigating the correlation between TLR4 + 896A/G polymorphism and cancer risk, but the results remained partly conflicting [14, 17] . The clinical heterogeneity derived from included studies on diverse histological types of cancers might affect the reliability and stability of the overall results. In addition, the previous meta-analyses did not cover all eligible publications related to gastric cancer and thus decreased the efficacy and probability of detecting the authentic association between TLR4 gene polymorphisms and gastric cancer risk. To clarify and quantify the authentic effect of TLR4 (+896A/G and +1196C/T) polymorphisms on susceptibility to gastric cancer, we performed a meta-analysis including all eligible case-control studies. As far as we know, this was the most comprehensive meta-analysis concerning this subject. All potential genetic models [18] and publication bias detection methods were used in our meta-analysis, which made the results more robust and reliable. . With the purpose of identifying the extra eligible studies, the references cited in the publications or review articles concerning this topic were manually searched too. Our search was limited to English-language articles. The identified studies in our meta-analysis met the following criteria: (1) studies investigating the association of TLR4 polymorphisms (+896A/G or +1196C/T) with gastric cancer risk; (2) case-control studies and studies included available genotype frequencies; (3) inclusion of comprehensive data to calculate odds ratio (OR) and 95% confidence interval (CI); (4) publications with full-text article. Major criteria for excluding studies were: (1) precancerous lesions or benign tumors; (2) without control subjects; (3) duplicated previous publications; (4) the control subjects did not meet the Hardy-Weinberg Equilibrium (HWE). At last, 10 case-control published studies from PubMed and EMbase were available, including a total of 1888 gastric cancer patients and 3433 control subjects for the TLR4 polymorphisms (+896A/G and +1196C/T). The PRISMA checklist was available as supplementary material, as displayed in Checklist S1.
Materials and Methods

Identification and eligibility of relevant studies
Data extraction
Two investigators (QZ and CCW) performed the data extraction independently, and then conducted consensus decision to resolve the disagreements. All study personnel were blinded throughout the meta-analysis. For each study, the following information was collected: the name of first author, publication year, country, ethnicity, design, genotyping method, number of cases and controls, genotype and allele frequencies for cases and controls, and HWE of controls.
Meta-analysis
The HWE was recalculated in the present meta-analysis according to the HWE principle and formula [19] . And a Pvalue more than 0.05 was considered to meet HWE. Meta-analysis for TLR4 polymorphisms was performed by using the software Stata 12.0 (Stata Corporation, College Station, TX, USA). The association of the TLR4 polymorphisms (+896A/G and +1196C/ T) with risk of gastric cancer was estimated by odds ratios (OR) and 95% confidence intervals (CI). The significance of pooled OR was measured by the Z-test, and statistical significance was determined as a 2-sided P-value less than 0.05. We measured the association of allele G and allele T (additive model) with gastric cancer risk, and made comparisons with heterozygous model (AG vs. AA) and (CT vs. CC). Heterogeneity assumption was conducted with a x 2 -based Q-test. If the P-value.0.05 for Qtest, thus demonstrating that all studies were lack of heterogeneity, then fixed effect model was adopted to merge studies (the MantelHaenszel method) [20] , or else the random effect model (the DerSimonian and Laird method) was used [21] . Subgroup metaanalyses according to different races (Caucasian and nonCaucasian) have been conducted based on these genetic models. In addition, sensitivity analysis was conducted to evaluate stability of the results by excluding one study at a time, the pooled ORs were recalculated to assess the altered effect of individual study on the overall results. Furthermore, potential publication bias was diagnosed and measured by using the Begg and Mazumdar rank correlation test [22] and Funnel plots and Egger's regression test [23] .
Results
Characteristics of eligible studies
A total of 41 studies were identified by using different combinations of MeSH terms on PubMed and EMbase. According to the inclusion and exclusion criteria, 10 case-control studies that consisted of a total of 1888 gastric cancer patients and 3433 control subjects were included in this meta-analysis [11, 16, [23] [24] [25] [26] [27] [28] [29] [30] . Literature search strategy and included or excluded studies were presented in Figure 1 . Detailed information, such as author name, publication year, region, ethnicity, design, genotyping method, numbers about cases and controls were summarized in Table 1 . The publication year of eligible studies ranged from 2007 to 2014. Two studies adopted hospital-based control, while the other eight studies adopted population-based control. All cases diagnosed with gastric cancer were also validated by pathological examination. All of them adopted blood samples for genotyping. All quality scores of selected articles were higher than 25 (moderate-high quality) [31] . The results of HWE test in the control population and genotype frequencies of TLR4 +896A/G and +1196C/T poly-morphisms were recalculated and extracted from all eligible publications, and were shown in Table 2 . All the eligible studies met the HWE (all P.0.05).
Quantitative data synthesis
The overall frequency of G allele in TLR4 +896A/G polymorphism was 7% in cases and 5% in controls. The frequency of the T allele in TLR4 +1196C/T polymorphism was 5% in cases and 4% in controls. For TLR4 +896A/G polymorphism, individuals carrying the variant AG genotype had a significantly increased gastric cancer risk compared with the AA genotype (heterozygous model) (AG vs. AA: OR = 1.67, 95%CI = 1.39-2.01, P = 0.000) (Figure 2A ). The significance also have been detected in the additive model for the comparison of G allele with Figure 2D ). Besides, subgroup meta-analyses according to different races (Caucasian and non-Caucasian) have been conducted based on these genetic models. We found significantly positive correlations between the two selected TLR4 polymorphisms and increased risks of gastric cancer in Caucasians, but not in non-Caucasian. The significant association of dominant model (AG+GG vs. AA: OR = 1.68, 95%CI = 1.40-2.02, P = 0.000 and CT+TT vs. CC: OR = 1.40, 95%CI = 1.10-1.78, P = 0.006) with gastric cancer risk was also observed. In all genetic comparisons, fixed effect model (MantelHaenszel method) was used as a result of no obvious heterogeneity (Q-test: P.0.05, I
2 ,50%) (Table 3 ). However, there was no significant difference in homozygous model (GG vs. AA and TT vs.CC) or recessive model (GG vs. AG+AA and TT vs. CT+TT). There were two studies investigating the association between TLR4 +896A/G polymorphism and H. Pylori infection in gastric cancer patients [26, 29] , and one study for TLR4 +1196C/T polymorphism [29] . However, no significant association was observed in the overall results, TLR4 +896A/G polymorphism did not increase the risk of H. Pylori infection in gastric cancer patients ( Figure 3A : AG vs. AA, Figure 3B : G vs. A).
Sensitivity analysis
We conducted sensitivity analysis to evaluate the root of heterogeneity. There was no heterogeneity in heterozygous, dominant models and additive models in TLR4 +896A/G and TLR4 +1196C/T polymorphisms. Besides, no single study qualitatively affected the pooled OR, as demonstrated by sensitivity analysis (Figure 4) , which suggested that the results of this meta-analysis are reliable and stable. However, there was significant heterogeneity in homozygous and recessive model because that the homozygous genotype GG and TT in many studies were absent.
Publication bias
Publication bias within each study might not represent all studies. We performed Begg's funnel plot and Egger's linear regression test to assess the publication bias of all included studies. As demonstrated in Figure 5 , the funnel plots did not display any evidence of obvious asymmetry under the heterozygous and additive models ( Figure 5A . AG vs. AA: z = 0.78, P = 0.436; Figure 5B . G vs. A: z = 0.78, P = 0.436; Figure 5C . CT vs. CC: z = 0.52, P = 0.602; Figure 5D . T vs. C: z = 0.730, P = 0.466). Egger's test also suggested that there was no obvious statistical publication bias under the heterozygous and additive models ( Figure 6A . AG vs. AA: t = 0.97, P = 0.358; Figure 6B . G vs. A: t = 1.05, P = 0.322; Figure 6C . CT vs. CC: t = 0.71, P = 0.501; Figure 6D . T vs. C: t = 0.97, P = 0.365). Table 2 . The distribution of the TLR4 +896A/G and +1196C/T polymorphisms in gastric cancer. 
Discussion
Extensive genetic and epidemiological evidence indicates that chronic inflammation imposes great risk for the development and progression of many kinds of cancers [32, 33] , especially for gastric cancer [34, 35] . TLR4 plays a pivotal role in innate immunity defending the body against pathogenic organisms. The recognition of TLR4 by its ligand results in a cascade reaction including the IL-1R family activation and followed by the activation of NF-kB [36] , which is a key mediator of inflammation-induced gastric cancer development [7, 37] . However, the function of TLR4 at the protein level will be impaired by SNPs in TLR4 gene, subsequently leading to an altered susceptibility to chronic inflammatory diseases and cancers [38, 39] . The causal link Table 3 . The results of Q-test in all genetic models for TLR4 +896A/G and +1196C/T polymorphisms in gastric cancer. between H. Pylori and gastric cancer has been confirmed. Recent studies have revealed that SNPs within TLR4 is significantly associated with gastric chronic-inflammation and HP infection related mucosa lesions [12, [40] [41] [42] . Several SNPs within TLR4 have been identified, and the two commonest (+896A/G and + 1196C/T) of them that were founded in the fourth exon of coding sequence affect the stability of TLR4 extracellular domain and result in adenine-guanine (A-G) and cytosine-thymine (C-T) exchanges, respectively, and thus finally cause amino acid substitutions: glycine for aspartic at position 299 and isoleucine for threonine at position 399 [43, 44] . Wild-type TLR4 possesses a particular area with negative charge at position 299, which is absent in +896A/G polymorphism, and thus such polymorphism enhances the rotational freedom and angle of the peptide bond in the LPS/MD-2 complex binding area [45] . Consequently, the interaction of TLR4 with LPS may be modulated by the altered rotation and charge, which results in the functional peculiarities of target cells with +896A/G polymorphism [46] . As opposed to +896A/G polymorphism, the branched side chain is conserved in +1196C/T polymorphism, however, the increased three-dimen- sional bulk in this region, probably preventing ligands or cofactors from docking [45] . Both +896A/G and +1196C/T TLR4 polymorphisms may result in the loss of docking, which cannot be precluded by the remaining functional interactions, and it is verified by the fact that the targeted doubly mutated TLR4 molecule permanently responds more poorly to the stimulation of ligand than TLR4 molecules that possess either the +896A/G or +1196C/T mutation [45] . Individuals with TLR4 polymorphisms possess an increased susceptibility to severe gastric inflammation, hypochlorhydria, gastric atrophy and subsequent development of intestinal metaplasia [8, 10] , which the latter two are considered as the most critical precancerous pathological changes associated with gastric cancer.
Although the important role of TLR4 polymorphisms in the development of gastric cancer has been reported in recent years, the results are inconsistent. Garza-Gonzalez et al reported that there was no correlation between TLR4 polymorphisms and gastric cancer in Mexican ethnicity [27] , however, Trejo-de la et al insisted that both SNPs (+896A/G and +1196C/T) within TLR4 had an increased susceptibility to gastro-duodenal diseases including duodenal ulcer and gastric cancer [24] . Other studies suggested that only one of these two polymorphisms (either + 1196C/T or +896A/G) had association with an increased risk of precancerous lesions and gastric cancer [4, 16] . Hold et al indicated that TLR4 +896A/G polymorphism was associated with increased susceptibility to gastric atrophy and subsequent gastric carcinogenesis [26] . Recently, several studies have shown that both +896A/G and +1196C/T SNPs were related to increased gastric cancer risk [11, 29, 30] , while de Oliveira et al has shown not +1196C/T but +896A/G to be associated with such an increased risk in a Brazilian population [25] . Consequently, we performed a comprehensive meta-analysis on the correlation between the TLR4 polymorphisms (+896A/G and +1196C/T) and gastric cancer risk. As far as we know, this was the most comprehensive and updated meta-analysis investigating the association between TLR4 polymorphisms and gastric cancer risk. Because the studies involving in our meta-analysis completely met all the screening criteria, the results from these pooled studies were more powerful than those from single study. After searching the PubMed and EMbase, a total of 10 case-control studies were available including 1888 gastric cancer patients and 3433 control subjects from 2007 to 2014. Consistent with the conclusions resulted from the mentioned studies, our results demonstrate that both +896A/G and +1196C/T TLR4 polymorphisms are associated with a significantly increased gastric cancer, especially for genotype model (heterozygous: AG vs. AA, dominant: GG+ AG vs. AA, heterozygous: CT vs. CC, dominant: CT+TT vs. CC) and additive model (G vs. A and T vs. C). Therefore, these two polymorphisms should be regarded as the most significant polymorphisms in TLR4. In the overall +896A/G and +1196C/ T meta-analyses, we demonstrated that the minor alleles could obviously increase the risk of gastric cancer in comparison with major alleles, showing that these two genetic variants may critically modify the susceptibility to gastric cancer. In the subgroup metaanalyses, we found significantly positive correlations between the two selected TLR4 polymorphisms and increased risks of gastric cancer in Caucasians, but not in non-Caucasian. The discrepancy between the two races may be attributed to the differences of life styles and diverse environmental exposure factors of the different ethnic populations.
However, there are several limitations of the current metaanalysis, which must be taken into consideration. Because the homozygous genotypes of TLR4 gene (GG and TT) were almost completely absent in the population studied, homozygous and recessive models were absent in the present study. To reconfirm this result, more cases about comprehensive population (Western countries and Asian countries) should be included in the study on the association of TLR4 SNPs with gastric cancer. In addition, articles in other languages (not English) were excluded, which may deviate the results. Besides, subgroup analysis according to gastric cancer site (cardia and noncardia) and histological type, and risk factor analysis for different precancerous lesions according to its type, could provide us more valuable information, but the sample size and individual original data limitations hinder a statistically significant analysis. Finally, TLRs induce the expression of proinflammatory genes on gastric mucosa, and the interactions between environmental carcinogens (biologic, chemical and physical stimulations) and host cells, that could be used to elucidate the mechanism by which TLR4 +896A/G and +1196C/ T polymorphisms increase risk of developing gastric cancer. More original data need to be obtained to interpret the geneenvironment interactions and subsequent gastric carcinogenesis.
In conclusion, this meta-analysis demonstrates that TLR4 +896A/G and +1196C/T polymorphisms probably increase the susceptibility to gastric cancer mainly in Caucasians, while the susceptibility to gastric cancer in Chinese and other Asian population need to be proved in future large scale studies. Although genome-wide association studies (GWAS) are important procedures for the discovery of genetic variations and the reliability of meta-analysis, there are no available previous GWAS on this subject, thus, we have performed sensitivity analysis and publication bias test to avoid such potential discrepancy in this meta-analysis, which suggests no obvious selection bias and confirms the reliability and stability of our results. Since gastric cancer is a multifactorial and multistep disease, it is important to perform well-design and large scale studies, including comprehensive individual data, homogenous patients and underlying source population based controls, standardized genotyping methods to thoroughly reveal the association of TLR4 polymorphisms with gastric cancer risk. 
